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© A process for the production of a colour image. 

© A colour image forming apparatus of the type 
having a transfer device for transferring distinct col- 
our images formed on first supports, in register to a 
common second support, comprising a register strip 
(48) with register holes (53) and co-operating retrac- 
table register pins (56) in a transfer cylinder (16) 
supporting the second support for aligning the lead- 
ing nd of a first support (20) and that of the 
common support (46). 
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BACKGROUND OF THE INVENTION 
Field of the invention. 

The present invention relates to a process for 
jDroduction of a colour image by the successive 
transfer in register to a common carrier of distinct 
colour images formed on corresponding supports 
and to a colour-image-forming apparatus of the 
type having a transfer device for transferring in 
register distinct colour images which have been 
formed on first supports to a second support, i.e. a 
common carrier. 

The invention concerns in particular colour 
proofing and colour printing. 

Description of the prior art. 

The process of transforming a multicolour origi- 
nal into an accurate and pleasing colour reproduc- 
tion involves a series of complex manipulations : 
conversion of continuous tones into halftones; sep- 
aration of multicolour images to individual films for 
the three primary colours and black; and adjust- 
ment of colour balance, size and composition. 
Prepress colour proofing systems make it possible 
to check the accuracy of these transformations 
without the high cost and time delay of on-press 
proofing. 

One known colour proofing system is based on 
the production of distinct colour images by expos- 
ing precoloured films to corresponding colour sep- 
aration films and then laying down all the colour 
images in register on one single support. Such a 
system is suited for the production of a few colour 
reproductions only, as all the different steps require 
manual intervention from the operator. 

The other extreme in colour reproduction is 
formed by printing presses in which a paper web is 
passed at high speed past different colour printing 
cylinders which are part of a rigid and accurate 
machine construction whereby the required preci- 
sion in the image registering is obtained. In other 
types of printing machines, reference marks on the 
paper co-operate with sensing and steering mecha- 
nisms to obtain the correct registering of the (four) 
part images on the paper support which is after- 
wards cut into sheets. 

SUMMARY OF THE INVENTION. 

Objects of the invention. 

It is the object of the invention to provide a 
process for the production of colour images by 
successive transfer in register of distinct colour 
images formed on corresponding supports to a 
common carrier, which allows the successive trans- 



fer in register of distinct colour images to take 
place in a more automatized way than so far known 
in colour proofing, while not yet requiring the use 
of complex machines as known in the art of colour 
5 printing. 

According to the present invention, a process 
for the production of a colour image by successive 
transfer in register of distinct colour images formed 
on respective supports to a common carrier com- 

70 prises the following steps : (a) conveying two mem- 
bers, i.e. a common carrier and a support with a 
distinct colour image towards each other along 
converging paths, (b) allowing the position of at 
least the leading end of one of said two members 

75 conveyed towards each other to be adjustable dur- 
ing at least the end of its converging path, <c) 
registering the leading ends of the two members 
with respect to each other through co-operating 
register means engaging each other before the 

20 colour image of the support makes contact with the 
common carrier, (d) establishing a frictional contact 
between the leading ends of the support and of the 
common carrier, (e) disengaging the register 
means, (f) progressively displacing the frictional 

25 contact between support and common carrier from 
their leading ends towards their trailing ends and 
transferring during such contact the colour image 
from support to carrier, (g) progressively separating 
the support and the common carrier other, and (h) 

30 repeating the above steps for every other support 
with a colour image thereby apply the colour image 
thereof in register with the other image(s) already 
transferred to the common carrier. 

The process according to the present invention 

35 is not limited to colour proofing but may be used 
for printing colour images as well. The images 
need not necessarily be colour reproductions of a 
colour original but may as well be the final image 
obtained by superimposing two or more colour 

40 part-images, such as graphs, images of liquid or 
electric circuits, etc. 

The distinct colour images may be obtained by 
the integral exposure of light-sensitive materials to 
an original colour image through appropriate colour 

45 separation filters in order to obtain corresponding 
colour separations. However, the distinct colour im- 
ages may as well be produced by the exposure of 
a light-sensitive material to an image generated on 
the screen of a CRT-tube, of a LCD panel, and the 

so like. 

Further, the distinct images may be produced 
by the scanningwise exposure of a light-sensitive 
material by means of a modulated laserbeam or a 
LED exposure head comprising a multiplicity of 
55 individually adressable light sources. 

The term "colour images" encompasses im- 
ages formed by liquid or dry pigments or toner 
compositions. For instance, the colour imag s may 
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be electrophotographic images. 

The distinct colour images on distinct supports 
may be produced in different ways. 

According to one method, distinct colour im- 
ages may be produced by electrostatically charg- 
ing, image-wise exposing and then developing a 
• photoconductive surface through an electrostatical- 
ly attractable dry or liquid toner. 

According to another method, distinct colour 
images may be produced by forming a persistent 
electroconductive image on a support, then elec- 
trostatically charging said support and toner- 
developing it. 

According to still another method, a distinct 
colour image may be formed by ion projection 
printing. 

The distinct colour images may be formed on 
their corresponding support while this support is 
present in the machine for carrying out the transfer, 
i.e. on-line. For instance, the distinct colour images 
may be formed by appropriately charging, image- 
wise exposing and toner-developing a photocon- 
ductive cylinder surface. However, the formation of 
these colour images may also occur off-line. i.e. on 
separate supports mounted after the exposure in 
the transfer machine and then colour-developed, 
e.g. so-called master plates on which a persistent 
electroconductive image is formed in a known way 
and which are then mounted on a transfer cylinder 
for electrostatic charging, toner-development and 
image-transfer. 

It has been shown that the inventive way of 
establishing registering contact between the dif- 
ferent supports and a common carrier offers ex- 
cellent results without having to use complex or 
rigid machine parts. 

Registering is in fact effected in different 
phases. Firstly, the exact alignment of the leading 
ends of a support and the common carrier via the 
technique, known on itself, including co-operating 
register members engaging each other and, sec- 
ondly, maintaining this aligment by establishing a 
frictional contact between the leading ends of both 
members so that the register means can be dis- 
engaged. Finally, the frictional contact is progres- 
sively displaced from the leading towards the trail- 
ing end of the members. 

Establishing a satisfactory frictional contact be- 
tween a support and a common carrier can be 
realized by pressure means executing on the ex- 
posed side of the sandwich of both members, 
supported on a suitable base, a force which 
presses them together. Such pressure means can 
be formed by a pressure roller co-operating with a 
cylinder that functions as supporting base. 

A sufficient frictional contact between both 
members may also be obtained by conveying the 
sandwich of both members along an arcuate path 



with a certain length. 

In a suitable embodiment of the process of the 
invention, each of the supports with a distinct col- 
our image is mounted on a distinct rotatable cylin- 
5 drical surface and the common carrier is trans- 
ported past said cylindrical surfaces in angular 
contact therewith. 

Other suitable embodiments of the process ac- 
cording to the invention are described below. 
to The process comprises registering the leading 

ends of a support bearing a distinct colour image 
and the common carrier by providing the leading 
end of one of said members with a register strip 
with register holes and by attaching the other of 
75 said members with its leading end to a rotatable 
surface at a location adjacent to a place where 
register pins for co-operation with the holes of the 
registering strip are retractably mounted on said 
surface. 

20 Supports with distinct colour images are moun- 

ted on distinct rotatable surfaces and the common 
carrier is transported past such surfaces in angular 
frictional contact therewith. 

The superimposed distinct colour images may 

25 be transferred a second time, viz. from the com- 
mon carrier to a final support and then fixed there- 
on. 

The present invention also includes an appara- 
tus for registering a first support bearing a colour 

30 image with a carrier whereto such toner image has 
to be transferred. 

According to the invention, a colour-image-for- 
ming apparatus of the type having a transfer device 
for transferring in register distinct colour images 

35 formed on corresponding supports to a common 
carrier, comprises first means in the form of co- 
operating registering elements for aligning the lead- 
ing end of a support and that of the common 
carrier, and second by means for progressively 

40 bringing such support into rolling frictional contact 
with the common carrier thereby extending such 
registering progressively along the complete sur- 
face of the supports. 

According to an embodiment of the invention. 

45 the second means for bringing two such members 
into rolling contact are pressure roller means. 

According to a further embodiment, the co- 
operating registering elements are register pins co- 
operating with register holes in a register strip. The 

so register pins may be retractably mounted in rotat- 
able transfer cylinders arranged for attachment of 
one of both members thereto and the registering 
holes may be provided in a register strip arranged 
for attachment to the leading end of the other of 

55 said both members and for transport of said mem- 
bers along the cylinders bearing the one member. 

The register strip may be attached to endless 
transport means for transport of one of said mem- 
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bers past the other one, the latter being attached to 
a transfer cylinder. The register pins may be re- 
tractably mounted in such transfer cylinder and 
"may be controlled to progressively protrude from 
the peripheral surface of the cylinder thereby seek- 
jng the holes of the register strip and smoothly 
entering into engagement therewith, and suddenly 
being withdrawn after termination of their function. 

The endless transport means for the register 
strips may be two parallel endless chains between 
which the register strip is supported for limited 
adjustments of its lateral and angular position. 

A suitable embodiment of a registering strip is 
one with a circular register hole near one end, and 
an elongate register hole near the other end. 

BRIEF DESCRIPTION OF THE DRAWINGS. 

The present invention will be described 
h reinafter by way of example with reference to the 
accompanying drawings wherein : 

Fig. 1 is a diagrammatic illustration of one em- 
bodiment of an apparatus for carrying out the 
process according to the invention, 
Fig. 2 is a plan view according to the arrow 2 of 
Fig. 1 of the supporting of the leading end of a 
common carrier through a register strip, 
Fig. 3 is a diagrammatic sectional view of a 
cylinder with retractable registering pins. 
Fig. 4 is a diagrammatic illustration of a modi- 
fied embodiment of the apparatus according to 
Fig. 1, and 

Fig. 5 is a diagrammatic illustration of another 
embodiment of an apparatus for carrying out the 
process according to the invention. 

Detailed description of the invention. 

Fig. 1 illustrates in a diagrammatic way one 
embodiment of an apparatus for carrying out the 
successive transfers in register of different colour 
images formed on different first supports to a sec- 
ond support. 

The apparatus generally designated by the nu- 
meral 10 is mounted in a housing 25. 

The top wall of the apparatus has four slightly 
slanting platforms 12, 13, 14 and 15 whereupon 
first supports 20, 21, 23 and 24 may be placed to 
be advanced through corresponding inlet openings 
towards transfer cylinders 16, 17, 18 and 19 ar- 
ranged for attachment of said supports to their 
periphery. The supports are shown in broken lines 
and have in this example an electroconductive pat- 
tern on their upper surface. 

Around each cylind r the following stations ar 
placed in angularly spaced relationship as shown 
for cylinder 16 : a corona charging station 26 for 
producing an electrostatic charge image on a first 
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support 20 fitted to the surface of cylinder 16, a 
toner developing station 27 with a developing 
sleeve 28 in the form of a so-called magnetic brush 
for toner developing the charged support that 
5 moves in front of the sleeve, cleaning means 29 for 
removing residual toner that remains adhering to 
the support after toner transfer and an A.C. corona 
station 30 for electrical neutralization of the support 
20. 

io Furthermore, the apparatus comprises endless 

transport means in the form of two parallelly 
spaced endless chains 31 and 32 that run over a 
plurality of pairs of sprocket wheels 34, 35, 36, 37, 
38, 39, 40, 41, 42, 43 and 45. Sprocket wheel pairs 

75 36, 38, 40 and 42 are fitted to the lateral sides of 
cylinders 16 to 19 and are shown in broken lines. 

Sprocket wheels 35, 37, 39 and 41 are located 
so that they cause an angular wrapping of the 
chains around the adjacent sprockets 36, 38, 40 

20 and 42 over an angle alpha indicated for cylinder 
17. 

Motor means 33 ensure driving of the chains 
whereby the cylinders 16 to 19 are correspondingly 
rotated. 

25 Fig. 2 illustrates the transport of a second 

support functioning as a common carrier to receive 
the toner images from the first supports. 

A second support 46 is fitted with its leading 
end 47 to a register strip 48 in the form of a 

30 rectangular metal bar. Clamping of the support to 
the strip is not shown, but may occur in any 
suitable way known in the art. Suitable clamping 
mechanisms may include a plurality of register pins 
on the bar cooperating with corresponding register 

35 holes in the leading end of the support, a simple 
clamping plate for clamping the leading edge of 
the support to the bar, etc. Perfect registering of 
the support is not required here. It is important that 
the position of the leading end of the support in the 

40 register strip is not altered during transport past the 
different stations. 

Bar 48 at its opposed ends has pairs of bores 
49 and 50 in which pins 51 and 52 fit with a large 
clearance. The pins are in fact extensions of two 

45 consecutive pivotation pins of the chain links. The 
described mounting of the register strip offers a 
reliable transport of the strip and of the support 
trailed thereby, while yet allowing limited angular 
and translational adjustments of the strip as it is 

so being brought into register with the successive 
transfer cylinders of the apparatus. This registering 
is based on the co-operation of two register holes 
53 and 54 in the strip with two corresponding 
register pins 56 in each transfer cylinder. 

55 Fig. 3 illustrates a registering pin 56 being a 

part of a diagrammatic cross-sectional view of a 
flange of cylinder 16. The cylinder, actually a hol- 
low drum formed by a cylindrical mantle and two 

4 
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end flanges, is provided with roller bearings so that 
it can freely rotate about a stationary shaft 57 by 
the driving imparted by the chains to the sprocket 

• wheels fitted to the cylinder as described above. 

Inside the cylinder, there are two register pins. 
Each register pin is a rod-like member 56 axially 

" slideable in a guide 58 fitted into a radial bore 115 
in the flange of the cylinder. At the inside end of 
the bore 115, there is a cam follower 59 in sliding 
contact with a stationary cam 60 locked to the shaft 
57. A helical spring 61 biases the pin 56 in the 
direction of the cam through of a collar 116 fitted to 
the pin. 

The axial displacement of the cam follower 59 
is transmitted to the pin by a compression spring 
117 between the follower and the collar 116, as 
spring 117 is stronger than spring 61. If for one 
reason or another, the movement of the pin out of 
the cylinder is impossible, e.g. by abutment on the 
register strip instead of engaging a register hole, 
the cam follower 59 simply compresses spring 117 
so that machine damage is prevented. A bore 118 
in the cam follower allows the follower to slide over 
the end of a blocked pin. 

The length of the register pin 56 is such that as 
the follower 59 is on top of the cam. as shown in 
the figure, tip 66 of the pin protrudes from the 
peripheral surface 44 of the cylinder and engages 
a hole 53 resp. 54 in the register strip 48 conveyed 
by the chains in timed relationship according to a 
path converging with that of the support 20, to a 
locus where the register holes and pins almost 
coincide. Exact registering of the leading ends of 
supports 20 and 46 is based on the engagement of 
the register pins with the holes, facilitated by the 
conical ends of the pins. 

A further point worth mentioning is that one 
register hole, viz. 53 has a circular opening, where- 
as the other one, viz. 54 has an elongate opening 
with a width corresponding to the diameter of 
opening 53. This configuration allows some slight 
deviation of the distance between the centers of 
the register holes so that a tension-free engage- 
ment of the holes with the pins is obtained at any 
time. 

Timing of cam 60 is such that the register pins 
are almost fully extended at the moment of tangen- 
tial contact of register strip 48 with peripheral sur- 
face 44 of cylinder 16, viz. at the angle beta with 
respect to the vertical in of Fig. 3. Furthermore, 
timing of cam 60 is such that the pins are retracted 
very quickly over an angle gamma after the sup- 
ports have moved through the angle beta. To that 
end, flank 62 of the cam has an angle of nearly 
45 * , so that at the end of the angle alpha, which is 
the angle of wrap of the support 46 around the 
cylinder, the pins are completely withdrawn as is 
shown in broken lines. Support 46 follows a straight 
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path, indicated by the broken line 63 up to the next 
transfer cylinder. The position of the register pin at 
the moment it starts to "seek" the hole of the 
register strip is shown in broken lines 77. 
5 Co-operation of register strip 48 with the regis- 

ter pins of transfer cylinders 17, 18 and 19 is 
similar to that described hereinbefore for cylinder 
16. 

Supporting the part of support 46 behind the 

w leading end 47 is not shown in Figs. 1 and 2. This 
part may be supported by small bars, rods, wires 
or the like extending between the chains at regular 
intervals. The trailing end of support 46 may be 
held under control by any known means, provided 

75 that such end and the rest of the support down- 
stream of leading end 47 is capable of undergoing 
slight lateral displacements as the frictional contact 
between the support and the common carrier is 
being displaced from the leading towards the trait- 

20 ing end. 

Furthermore, the apparatus comprises two par- 
allel endless chains 99 (see Fig. 1) with intercon- 
necting carrier means for receiving the second 
support after it has passed beyond the distinct 

25 transfer cylinders. 

The apparatus finally comprises guide rollers 
64, 65, 67 and 68, which are bodily displaceable 
idler rollers, the position of which is controlled by 
other cam means (not shown) mounted on the 

30 transfer cylinders, so that such rollers are remote 
from the transfer cylinders to let pass the register- 
ing strips 48 unobstructedly, and then to apply the 
second support 46 in good angular relationship to a 
first support on the cylinder as such registering 

35 strip has passed the roller whereby appropriate 
frictional engagement between both supports is 
obtained. 

Rollers 64 to 68 have slightly thickened end 
parts which bear on the corresponding cylinders 16 
40 to 19, thus leaving a gap between the central part 
of the pressure rollers and the cylinders which is 
almost equal to the thickness of the second sup- 
ports, thereby to apply almost no pressure to said 
supports. 

45 It is thus clear that the required friction be- 

tween two cooperating supports is mainly a con- 
sequence of the geometry of the device which 
causes a free support to follow a curved path about 
the support fitted to the transfer cylinder, so that in 

so this way a sufficient relative friction is obtained 
between both supports which maintains the relative 
position of the supports. It will be understood that a 
satisfactory friction may be obtained also by the 
use of (a) pressure roller(s), and to that end the 

55 rollers 64 to 64 may occasionally be arranged, e.g. 
by a r duction of their gap, to operate as pressure 
rollers. Suchlike pressur roller arrangement may b 
suitable in the case of a limited angle of wrap of a 

5 
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support 46 about a transfer cylinder. 

Fig. 3 also shows diagrammatically the attach- 
ing of a first support to the peripheral surface 22 of 
a transfer cylinder. This has been exemplified by 
the leading and trailing ends 69 and 70 of support 
20 being inwardly deflected and held by jaws or 
clamps, not shown. In practice, such ends may be 
perforated according to a known standard to co- 
operate not only with register pins on the transfer 
cylinders, but also with register pins on the expo- 
sure apparatus for carrying out the image-wise 
exposure of the first supports. 

Furthermore, the leading end 69 of support 20 
is shown in Fig. 3 as being clamped to transfer 
cylinder 16 at a position upstream of the register 
pins 56. It is clear that such leading end may also 
coincide with or be downstream of such pins. 

The apparatus also comprises a large number 
of other means such as high-voltage generators, 
means for controlling the supply of a high-voltage 
to a corona station, speed control means, toner 
monitoring units, etc. All these means are known in 
the art and their detailed description is not required 
for understanding the operation of the present em- 
bodiment of an apparatus for carrying out the pro- 
cess according to the invention. 

Operation of the apparatus. 

Four photoconductor supports 20, 21, 23 and 
24 are successively exposed to a colour original 
under appropriate conditions of illumination and 
time to obtain a blue, a red, a green and a black- 
and-white separation of an original colour image. 
Exposure occurs on a camera provided with regis- 
tering means so that afterwards the separation im- 
ages of the original image can be brought into 
register. 

In this specification no detailed description of a 
particular material suited for electrostatic image 
formation is given, but a good example of the 
composition of such material and of its 
photopolymerizable layer in particular can be found 
in our co-pending EP Application 89 202664.2 filed 
on October 23, 1989 entitled : "A xeroprinting 
process", wherein so-called master plates are de- 
scribed. 

The four supports with the colour separations 
in the form of an electroconductive pattern are then 
disposed on the corresponding platforms 12 to 15 
with their image side facing upwardly and forwar- 
ded until their leading end becomes gripped by 
appropriate clamping means in the transfer cyl- 
inders 16 to 19. 

A second support 46, e.g. in the form of a 
sheet of plain paper, is taken by a feeding mecha- 
nism from a supply stack 71 of paper sheets and 
fed towards a registering strip 48 that at that mo- 



ment takes a position as is shown in Fig. 1 and to 
which the leading end of the sheet is attached. 

Then the transport of the chain mechanism of 
the apparatus starts. Corona stations 26 and 30 
5 and toner developing station 27 are activated so 
that the latent conductivity image on support 20 is 
first of all electrostatically charged and then devel- 
oped in a complementary colour, e.g. yellow for the 
blue colour separation. 
io As the registering strip 48 dragging the paper 

sheet approaches cylinder 16, the registering pins 
56 have become extended for engagement with the 
corresponding holes of registering strip 48. so that 
this strip and thus the leading end of the paper 
75 sheet becomes accurately aligned with the transfer 
cylinder and thus also with the developed support 
attached thereto. 

Immediately after passing of the register strip 
beyond the pressure roller 64, the latter is dis- 
20 placed towards cylinder 16. Since the roller 64 is 
connected to a D C. high potential of a polarity 
opposite to that to which the support has been 
charged, the toner image thereof is transferred to 
the paper sheet as the latter moves in angular 
25 contact with the support. 

Correct registering between the support and 
the paper sheet is not lost by retracting the register 
pins from the register strip as the latter has 
reached the position shown in broken lines in Fig. 
30 3. On the contrary, the angular frictional contact of 
the paper sheet with the support maintains the 
correct position of the paper sheet with respect to 
the support on the cylinder, during the rolling con- 
tact of both members. 
35 Paper sheet 46 which now bears the first toner 

image is advanced to cylinder 17. The length of the 
path is defined so that the sheet reaches the con- 
tact zone with cylinder 17. after this cylinder has 
just done one revolution in synchronism with the 
40 cylinder 16. 

The corona stations and the developing station 
of cylinder 17 are activated so that the second 
support 21 is now developed and the transfer of 
the cyan image can start after the registering strip 
45 pulling the paper sheet has reached the register 
pins of the second transfer cylinder. The process 
as described above for the first cylinder is now 
repeated and leads to the deposition of the second 
toner image on the paper sheet in register with the 
so first image. 

The paper sheet continues its way towards the 
third transfer cylinder 18. the developing mecha- 
nism of which is actuated to produce a magenta 
toner image on support 23 for transfer to the paper 
55 sheet at the right moment. 

The transfer operation is repeated a last time 
for the transfer cylinder 19, whose support 24 
bears a black-and-white selection of the colour 
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original. 

The paper sheet is then conveyed past a fixing 
station 73 for letting the toner images melt on the 
• paper support, whereby the image is fixed. 

The paper sheet bearing the four superim- 
posed colour separations is detached from the r eg- 
' ister strip by a mechanism 72 conducting the sheet 
to carrier means extending between the parallel 
chains 63. 

The finished print is laid down in a collector 
tray 74. 

The apparatus described hereinbefore is suited 
for colour proofing wherein one or a few paper 
she ts of the desired paper quality is (are) printed 
in the apparatus. 

The apparatus is also suited for colour printing. 
In that case the paper sheets may be taken from 
supply 71 at a rate standing in relation to the rate 
of rotation of the transfer cylinders. So, while a 
given sheet receives its fourth toner separation 
image at station 19, the next sheet receives its 
third toner image at station 18, the still next one its 
second toner image at 17 and still a next one its 
first toner image at station 16. 

Fig. 4 illustrates an embodiment of an appara- 
tus for carrying out the process of the invention 
wherein the final image is produced through an 
intermediate carrier. The embodiment of Fig. 4 
corresponds to a large extent to that of Fig. 1, and 
hence parts that are common with Fig. 1 receive 
the same numerals. 

Intermediate transfer operates as follows. A 
register strip 48 fitted between parallel chains 31 
drags a flexible carrier 75. Carrier 75 is shown by a 
bold line in the figure. The distinct toner images 
are transferred from the respective supports 20 
through 24 to said carrier as described herein- 
before for the transfer to the paper support, so that 
downstream of the cylinders the four separation 
images are in superimposed register on the inter- 
mediate carrier. 

The apparatus comprises a transfer corona sta- 
tion 76 for transferring the complete toner image 
from the intermediate carrier 75 to a paper sheet 
78 fed in timed relation by feed rollers 79 from a 
stack of sheets 80 towards sheet 75. 

Separating means 81 separates the final sup- 
port bearing the toner colour image from the inter- 
mediate carrier and conveys it towards a transport 
belt 63 that passes the support in front of a fixing 
station 73 causing the fixing of the toner image to 
the support. 

The finished print is laid off in a tray 74. 

In the apparatus described hereinbefore, the 
supports with the toner separation images re- 
mained bodily stationary, wh reas the carrier re- 
ceiving th transferred toner images moved suc- 
cessively past the distinct supports. It is possible to 
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reverse these relative motions and this is described 
hereinafter with reference to Fig. 5 which diagram- 
matically represents another embodiment of an ap- 
paratus for carrying out a process within the scope 
5 of the invention. 

In Fig. 5, apparatus 83 is mounted within a 
housing 84 where sprocket wheels and rollers for 
conveying two parallel chains 85 (only one being 
shown) along an endless path are provided. Four 
ic register strips 86 to 89 are mounted between the 
chains at equal intervals. Fixation of the strips to 
the chains is yieldable, for instance in a way as 
described hereinbefore with reference to Fig. 2. 
The chain path is defined by sprocket wheels 
;s 90 and 91, an electrically conductive transfer cyl- 
inder 92 being electrically insulated from the ap- 
paratus, a sprocket 93 driven by a motor 99 and a 
chain tensioner 94. 

Between the driving sprocket 93 and the chain 
20 tensioner 94 a corona charging station 100 for 
electrostatically charging a support that passes in 
front of it is mounted. 

Along the stretch of the chains between 
sprockets 90 and 91 four toner development sta- 
25 tions 95 to 98 for applying a toner of the appro- 
priate colour to a support through rotatable devel- 
oping sleeves 101 to 104 (so-called magnetic 
brushes) are provided. The stations are located so 
that the distance between the developing sleeves 
30 and the charge bearing surface of a support is too 
large to obtain any toner transfer. However, in front 
of the developing sleeves, backing rollers 105 to 
108 that are individually displaceable as indicated 
by the arrow 55 are provided, thereby to reduce 
35 the gap between a support and its corresponding 
developing sleeve to approximately 0.3 to 0.7 mm, 
whereby the development can take place. 
The apparatus operates as follows. 
The operator makes four colour separation se- 
40 lections from a colour original on four supports, as 
described hereinbefore, and attaches these four 
supports to the four register strips 86 to 89 by 
advancing the endless transport mechanism every 
time by 1/4th of its length. 
45 Then the development of the support starts. 

As soon as the first support, e.g. the blue 
separation pulled by the register strip 87, has 
passed the sprocket wheels 90, development sta- 
tion 95 is caused to develop (by a yellow toner) the 
so support by actuating backing roller 105 pressing 
the path of the support towards developing sleeve 
101. Roller 105 is reset when the support has left 
station 95. The second support pulled by register- 
ing strip 86 is developed in the appropriate colour 
55 by actuating the backing roller 106 causing devel- 
opment station 96 to become operative. 

In the meantime, the first support has reached 
transf r cylind r 92. After r gistration of the regis- 
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ter strip of this support through corresponding reg- 
ister pins on cylinder 92, roller 109 is displaced 
towards cylinder 92 to bring the support in firm 
frictional contact with the periphery of said cylinder. 
A voltage applied to the cylinder creates an elec- 5 
prostatic field producing the progressive transfer of 
the toner image from the support to the cylinder. 

The third support is developed in station 97, 
the toner image of the second support is trans- 
ferred to cylinder 92 in register with the first toner io 
image and so on until finally four superimposed 
toner images have been applied in exact register to 
transfer cylinder 92. 

Then a final support, e.g. a paper sheet 110, is 
transported along path 112, indicated in broken 75 
lines, in tangential contact with cylinder 92. A high 
voltage difference is established between the cyl- 
inder 92 and a conductive backing plate 113 in 
contact with the backside of the paper sheet caus- 
ing the transfer of the complete toner image to the 20 
paper support. A fixing station 114 fixes the image 
to the paper support. 

The present invention is not limited to the 
embodiments described hereinbefore. 

The endless chains may be replaced by other 25 
known transport means, e.g. timing belts. 

The register pins must not necessarily be 
mounted in the transfer cylinder bearing a support 
with a colour image to be transferred, but can also 
be mounted in an opposed reversely rotating cyl- 30 
inder or cylinder segment mounted close to the 
transfer cylinder and rotationally coupled therewith 
to rotate in synchronism. A support with a colour 
image fixed to the transfer cylinder and the com- 
mon carrier are conveyed towards the cylinder in 35 
the gap between said cylinder and the opposed 
registering cylinder. At a certain moment the pins 
of the registering cylinder engage the register strip 
of the common carrier and correctly align the latter 
with the register cylinder, and in consequence also 40 
with the transfer cylinder. Further rotation of the 
transfer cylinder causes the common carrier to 
become wrapped around this cylinder over a cer- 
tain angle, so that registry with the support is 
maintained while image transfer proceeds. 45 

If the image-wise exposure of a colour separa- 
tion occurs on a support while this is on the trans- 
fer cylinder in the image transferring apparatus as 
described in the introduction of the specification, 
the means carrying out such exposure, e.g. a laser 50 
beam arrangement or a LED exposure head, may 
be controlled in such a way that the exposure of 
the image occurs in timed relation to the position 
taken by the support. So, the position of the image 
on the support as well as the corresponding posi- 55 
tion of the transferred image on the common car- 
rier can be controlled v ry accurately. 

Each distinct toner image that is transferr d to 



the common carrier may be subjected to an inter- 
mediate fixation before the next toner image is 
transferred to the previous one. Such fixation can 
overcome two possible causes for a less satisfac- 
tory image transfer. Firstly, a toner image trans- 
ferred to the common carrier produces a counter- 
voltage that may influence the transfer of a next 
toner image and secondly, a first support with a 
developed toner image may pick up a certain 
amount of toner transferred to the common carrier 
from a previous support. It has been found that an 
intermediate fixation through energy selectively ab- 
sorbed by the toner and not by its support, gives 
excellent results. This intermediate fixation step is 
disclosed in our co-pending application entitled : 
"Colour electrophotographic apparatus and method 
comprising intermediate fixing steps", filed on even 
day herewith. 

The transport of a common carrier past the 
distinct supports bearing the corresponding colour 
separation images, as illustrated e.g. in Fig. 1, must 
not necessarily occur by mechanical means that 
provide nearly a perfect synchronism between the 
motions and the relative positions of such mem- 
bers. Thus, transfer drums 16, 17, 18. 19 and 
transport chain 31 may be driven independently 
from each other provided that control means is 
provided for adjusting the relative position of sheet 
46 with respect to supports 20, 21 , 23 and 24 such 
that at the moment the final registering by means 
of the co-operating register strip and pins is going 
to occur, a relative position is obtained that is 
within prescribed tolerances which allow such final 
registering. 

Claims 

1. A process for the production of a colour image 
by the successive transfer in register of dif- 
ferent colour images formed on respective 
supports, onto a common carrier, comprising 
the following steps : 

(a) conveying two members, i.e. a common 
carrier (46, 75, 92) and a support (20, 21, 
23, 24) with a distinct colour image towards 
each other along converging paths, 

(b) allowing the position of at least the lead- 
ing end of one of said two members con- 
veyed towards each other to be adjustable 
during at least the end of its converging 
path, 

(c) registering the leading ends of the two 
members with each other through co-op- 
erating register means engaging each other 
before the colour image of the support 
makes contact with the common carrier , 

(d) establishing a frictional contact between 
the leading nd of the support and that of 
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the common carrier, 

(e) disengaging the register means, 

(f) progressively displacing the frictional 
contact between support and common car- 
rier from their leading ends towards their 
trailing ends and transferring during such 
contact the colour image from support to 
carrier, 

(9) progressively separating the support and 
the common carrier and 
(h) repeating the above steps for every oth- 
er support with a colour imago thereby ap- 
plying this colour image in register with the 
other colour image(s) already transferred to 
the common carrier. 

2. A process according to claim 1, comprising 
registering the leading end of a support bear- 
ing a colour image and that of the common 
carrier by providing the leading end of one of 
said members with a register strip (48) with 
register holes (53, 54) and by attaching the 
other of said members with their leading end 
to a rotatable surface (44) at a location adja- 
cent to a place where register pins (56) are 
retractably mounted in said surface for co- 
operation with the holes of the registering strip. 

3. A process according to claim 1, comprising 
performing the progressive displacement of the 
frictional contact between the support and the 
common carrier by conveying both members 
through the nip of cylindrically curved rotatable 
surfaces. 

4. A process according to claim 1 or 2, wherein 
the supports (20, 21, 23, 24) with colour im- 
ages are mounted on distinct rotatable cyl- 
inders (16, 17, 18, 19) and the common carrier 
(46) is transported successively past such cyl- 
inders in angular frictional contact therewith. 

5. A process according to claims 1 to 4, compris- 
ing transferring the superimposed colour im- 
ages from the common carrier (75, 92) to a 
final support (78, 110) and then fixing said 
images. 

6. A process according to any of claims 1 to 5, 
wherein the colour images are the images of 
colour separations of a colour original. 

7. A process according to any of claims 1 to 6, 
wherein the colour images are electrographic 
toner images. 

8. A process according to any of claims 1 to 7, 
comprising forming the colour images on th 



support by electrostatically charging, image- 
wise exposing and then developing a pho- 
toconductive surface by means of an elec- 
trostatically attractable toner. 

5 

9. A process according to any of claims 1 to 7, 
comprising forming the colour images on the 
support by forming a persistent electroconduc- 
tive image on a support and then repeatedly 

io electrostatically charging said support and 

toner-developing it. 

10. A process according to any of claims 1 to 7, 
comprising forming the colour image on the 

15 support by ion-projection printing. 

11. A colour-image-forming apparatus of the type 
having a transfer device for transferring distinct 
colour images formed on respective supports 

20 in register to a common carrier, which com- 

prises first means in the form of co-operating 
registering elements for alignment of the lead- 
ing end of the supports (20, 21, 23, 24) and 
that of a common carrier (46, 75, 92), and 

25 second means for progressively bringing said 

supports in rolling frictional contact with the 
common carrier thereby extending such regis- 
tering progressively to the complete surface of 
said supports. 

30 

12. A colour-image-forming apparatus according to 
claim 11, wherein the register elements com- 
prise a register strip with register holes and co- 
operating retractable register pins. 

35 

13. A colour-image-forming apparatus according to 
claim 11, wherein the second means com- 
prises rotatable roller means (16, 17, 18, 19, 
92) about which the supports are angularly 

ao wrapped. 

14. A colour-image-forming apparatus according to 
claim 12, wherein the register pins (56) are 
retractably mounted in rotatable transfer cyl- 

45 inders (16, 17, 18, 19) arranged for attachment 

thereto of the supports (20, 21, 23, 24) and 
wherein the register strip (48) with the register 
holes is arranged for attachment to the leading 
end of the common carrier (46) and for trans- 

50 port of said common carrier past and in fric- 

tional contact with the cylinders bearing the 
supports. 

15. A colour-image-forming apparatus according to 
55 claim 14, which comprises control m ans (60) 

for controlling the axial position of the regis! r 
pins (56) so that these pins protrude from the 
peripheral surface (22) of the transf r cylinders 
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* while a registering strip (48) pulling the com- 
mon carrier approaches said surface in tangen- 
tial relationship; and the pins are retracted be- 
low this surface before the register strip is 
taken away from it after having contacted the b 
b surface over a given angular portion. 

16. A colour-image-forming apparatus according to 
claims 14 and 15, wherein the register pins are 
controlled so that they progressively protrude jo 
from the peripheral surface of the transfer cyl- 
inder as the registering with the register strips 

is about to happen. 

17. A colour-image-forming apparatus according to ?5 
claims 15 and 16, wherein the register pins are 
controlled so that their retraction below the 
peripheral surface of the transfer cylinder oc- 
curs suddenly before the register strip has 
moved away from such surface. 20 

18. A colour-image-forming apparatus according to 
claim 16, wherein the actuation of the register 
pins is controlled through a compression 
spring thereby allowing the non-operation of 25 
the pins in case of defective co-operation with 

the holes of a register strip. 

19. A colour-image-forming apparatus according to 

any of claims 1 1 to 18, comprising two endless 30 
transport means (31, 32) between which the 
register strip (48) is supported for transport of 
this strip past the successive cylinders. 

20. A colour-image-forming apparatus according to 35 
claim 19, wherein the ends of the register strip 

(48) are movably fitted to the endless transport 
means (31, 32), thereby allowing limited ad- 
justments of the position of the register strip 
with respect to the transport means as the ao 
registering of its holes (53, 54) with the register 
pins (56) of a cylinder is about to take place. 

21. A colour-image-forming apparatus according to 
claim 19, wherein the endless transport means 45 
are chains (31, 32) running over coupled 
sprocket wheels. 

22. A colour-image-forming apparatus according to 
claims 12 and 21, comprising sprocket wheels 50 
(36, 38, 40, 42) for conveying the endless 
chains over a given angle around the cylinders 
supporting the supports. 
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